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( $x$ , $y$ , z) $(x, r, \phi)$ $r=y$
$(u, v, 0)$ $(u, v, 0)$
$(0, 0, \omega)$ $(0, 0, \omega)$
Navier-Stokes ,
$\frac{\partial u}{\partial x}+y^{arrow s}\frac{\partial}{\partial y}(y^{-s}v)=0$ (1. 1)
$\frac{\partial\omega}{\partial t}+u\frac{\partial\omega}{\partial x}+vy^{s}\frac{\partial}{\partial y}(y^{arrow s}\omega)=\frac{1}{R}($
$f_{\partial x^{2}}^{f_{\omega}}+y^{-s}\theta(y^{s}\omega))$ (1. 2)
$\omega=\frac{\partial v}{\partial x}-\frac{\partial u}{\partial y}$ (1
$\cdot$
3)
$\theta=y^{s}\frac{\partial}{\partial y}(y^{s}\frac{\partial}{\partial y})$ (1.4)
, $s=0$ , 1 , $(x, y)$ , $(u, v)$ , $t$ , \omega
$L$ , $V$ , $L/t^{7},$ $V/L$ $R=\nu^{r}L/\nu$ Reynolds
( $\nu$ ) $\overline{u}$ u
$u=\overline{u}(y)+\tilde{u}(x, y’ t)$ , $v=\tilde{v}(x, y, t)$
$\}$ (1. 5)
$\omega=\overline{0}^{-})(y)+\tilde{\omega}(xy’ t)$




$y^{arrow s} \frac{\partial}{\partial y}(y^{s}\tilde{v})$ $=0$ (1. 1 , )
$\theta\{y^{s}(\overline{u}’-R\overline{\tilde{u}\tilde{v}})\}$ $=$ $0$ (1.2 a)
$( \frac{\partial}{\partial t}+\overline{u}\frac{\partial}{\partial x})\tilde{\omega}-(\theta_{\overline{u}})\tilde{\omega}-\frac{1}{R}(\frac{\partial^{2}}{\partial x^{2}}+y^{-s}\theta y^{s})\tilde{\omega}$
$=- \frac{\partial}{\partial x}(\tilde{u}\tilde{\omega})-\frac{\partial}{\partial y}(\overline{v}\tilde{\omega}-\overline{\tilde{v}\tilde{\omega}})$ $($ 1. 2 $b)$
$\overline{\omega}=$ $-\overline{u}(y)$ , $\tilde{\omega}=\frac{\partial\tilde{v}}{\partial x}-\frac{\partial\tilde{u}}{\partial y}$ (1. 3 )
$\overline{u},$
$\tilde{v}$ \mbox{\boldmath $\psi$} ( $x,$ $y$ , t)
$\tilde{u}=y^{arrow}\frac{s\theta\psi}{\partial y}$
,
$\tilde{v}=-y^{-s}\frac{\partial\psi}{\partial x}$ (1. 6)
$\psi$ Fourier
$\psi=$ $(y)ei\alpha(xarrow ct)+\Phi_{2}(y)e2i\alpha(x-ct)+\cdots+c$ . $c$ . (1. 7) .
$c,$ $c$ , ,
$($ 1. 2 $a)$ , $($ 1. 2 $b)$
$\theta(y^{s}\{\overline{u}’-i\alpha Ry^{-.2S*}(\phi\phi’-\phi^{*}\phi’)\}]=0$ (1. 8)
$( \overline{u}-c)(\theta-\alpha^{2})\Phi-(\theta_{\overline{u}})\Phi-\frac{1}{i\alpha R}(\theta-\alpha^{2})^{2}\phi=0$ (1. 9)
Meksyn-Stuart 4) Fou rier
$\Phi=\Phi_{1}$ (1. 8), (1. 9)
(1. 8) , Reynolds
-72–
\S 2. Hagen-Poiseuille
, , Hagen-Poiseuille ,
$\varphi=$
$\sqrt{\alpha R}$ $\phi$ (2. 1)
, $(s=1)$ (1. 8), (1. 9)
$\overline{u}.=A_{0}+A_{2}r^{2}-i\int_{0}^{r}r^{-2}(\varphi\varphi’-*\varphi^{*}\varphi’)dr$ ( 2.2 )
$( \overline{u}-c)(\theta-\alpha^{2})\varphi-(\theta\overline{u})\varphi=.\frac{1}{i\alpha R}(\theta-\alpha^{2})^{z}\varphi$ ( 2.3)




$r=1$ : $\varphi=\varphi’=0$ , $\overline{u}=0$
(2.5)
$r=0$ : $\ell im\varphi=0\underline{1}$ $pim^{\frac{1}{r}}r- \triangleleft(\varphi^{t}-\frac{1}{r}\varphi’)=0$
$rarrow 0r$
, \sim v $\tau_{xr}$ $0$
$\varphi$ :
$\varphi=$








$( \varphi^{t}-\frac{1}{r}\varphi_{n’})=0$ (2. 7 b)
$\varphi_{n^{\kappa}}(1)$ $\neq$ $0$ $(’2.7c)$
$\ell_{r}\underline{i}m_{0}\frac{1}{r}\varphi_{n’}(r)\neq 0$
$(2.\cdot 7d)$
(2. 7 a), (2. 7 b) $\varphi_{n}$ (2. 5) , (2.
7c) perturbed shear stress $0$ , (2. 7 d) pe $r-$
turbed axial volocity $0$ (2.7)
|t4 Jocobi $c_{n}$ $(7, 3, y^{2})$
$\varphi_{n}$
$\varphi_{0}=$
$r^{2}(1-r^{2})^{2}$ , $\varphi_{1}=r^{2}(1-r^{2})^{2}(3-8r^{2})$ (2.8)
$\varphi_{n}$ , (2.4) , $\overline{u}$
$\overline{u}=$ $1-r^{2}+af(r)$ $a=a_{0}a_{1}^{*}-a_{0^{*}}a_{1}$
(2. 9)
$f= \frac{4}{3\cdot 5\cdot 7}$ $[4-7\{6-5(1-r^{2})\}(1-r^{2})^{2}]$ $(1-r^{2})$
o $a$ $f(r)$ Reynolds
) $—( \overline{u}-c)(\theta-\alpha^{2})-a\theta f-\frac{1}{i\alpha R}(\theta^{2}-2\alpha^{2}\theta+\alpha^{4})$ $(2.10)$
, (2.3) $\varphi_{n}$
$a_{0}\theta\varphi_{0}+$ $a_{1}\theta\varphi_{1}=0$ (2. 1 1)
$a_{0},$ $a_{1}$ Galerkin
$( \varphi_{n}\theta\varphi_{m})=\int_{0}^{1}\varphi_{n}\theta\varphi_{m}dr$ (2.12)





(2. 13) $a_{0}$ , $a_{1}$
$1$
$(\varphi_{0}\theta\varphi_{0})$ $(\varphi_{0}\theta\varphi_{1})$
$|$ $=0$ (2.1 4)
$(\varphi_{1}\theta\varphi_{0})$ $(\varphi_{1}\theta\varphi_{1})|$
,
$F$ ( $\alpha$ , $R,$ $a$ , c) $=0$ (2. 15)
$a$
(2. 15) $c$
$C(\alpha, R, a)=0$ (2. 16)
$a\equiv a_{0}a_{1}*_{-}$ $a_{0^{*}}a_{1}$
$\check{E}=\frac{t}{2}\int_{0}^{1}r(\tilde{u}+\tilde{v}^{2})2dr$ (2.1 7)
1 , $(R, \alpha, E)$ 2
$(R , \alpha)$ unexpected bran ch , $\alpha$
\alpha ,
6 $R=const$
$E$ , 4 ,
5 $R=1.600,$ $a=7.5,6.0,4.5$
, , Reynolds
Reyno 1 $ds$ $R_{C\Gamma}$ , a $cr$
$-75arrow$




, $\alpha_{cr}$ Fouri er ,
, ( )





, Reynolds $R_{cr}$ 1800
$\sim 1900$ ol) , , $R_{cr}$
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Fig. 1. Neutral Surface for $Hagenarrow Poiseuille$ Flnrp
Fig. 2. Neutral Curve for Hagen-Poiseuille Flow
. $-78-$
